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A DEVICE AND METHOD FOR FORMING FERROELECTRIC CAPACITOR 

DEVICES AND FeRAM DEVICES 

Field of the Invention 

The present invention relates to a device and method for forming ferroelectric 
capacitor devices and FeRAM devices. In particular, the present invention 
relates to a device and method for inhibiting oxidation of contact plugs in, for 
example, ferroelectric capacitor devices, such as FeRAM devices. 

Background of the Invention 

In a conventional capacitor on plug (COP) device 1, such as the FeRAM 
shown in Figure 1, contact plugs 2 are often used as vertical interconnects 
between metal lines in multilevel interconnect schemes. The contact plugs 2, 
which are typically formed of tungsten, pass through apertures in the 
substrate 4 of the device. The device 1 also includes a layer of ferroelectric 
material 6, such as PZT, with a top electrode 7 above the ferroelectric layer 6 
and a bottom electrode 8 below the ferroelectric layer 6- A barrier layer 9, 
which is typically iridium (Ir) or titanium (Ti) based, is often positioned between 
the bottom electrode 8 (BE) and the substrate 4. The barrier layer 9 is 
deposited on top of the contact plugs 2 to block oxygen from causing damage 
when oxygen diffuses to the plugs 2. The barrier layer 9 improves contact 
resistance between the bottom electrode 8 and the contact plugs 2 and it also 
acts as a glue layer to improve adhesion of the bottom electrode 8 to the 
substrate 4. The apertures in the substrate 4 through which the contact plugs 
2 extend are lined with the glue layer 9. 

An oxygen barrier layer 10 of, for example, aluminium oxide, is typically 
deposited around the finished capacitor to reduce the amount of oxygen 
seeping into the capacitor along the glue layer 9 and oxidising the glue layer 
9. This is most likely to occur during processing, particularly during the 
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process of recovery annealing in an oxygen atmosphere, when oxygen may 
seep through faults in the oxygen barrier layer 10 which, if itreaches the plugs 
2, may damage the contact between the bottom electrode 8 and the plugs 2 
causing failure of the device. 

In view of the foregoing problems with conventional processes and devices, a 
need exists for a method for inhibiting oxidation of the plug during the 
manufacture of a capacitor. 

Summary of the Invention 

In general terms, the present invention proposes the inclusion of an additional 
insulating layer between a first interiayer dielectric layer and an oxygen barrier 
layer to move the oxygen barrier further away from the interface between the 
contact plug and the bottom electrode so that the interface is buried and not 
reached by oxygen during processing. 

The present invention provides efficient protection of the interface between 
the contact plug and the bottom electrode against oxidation thereby improving 
device yield. 

In a preferred embodiment, application of an additional oxygen barrier layer 
around the device serves to protect the device further from oxygen diffusion. 

According to a first aspect of the present invention there is provided a device 
comprising: 

a substrate having a contact plug extending therethrough; 

a capacitor mountable on said substrate; 

a first interiayer dielectric layer formed on said substrate; 

a spacer' layer formed on said first interiayer dielectric layer; 

a first barrier layer formed on said spacer layer; 

a buffer layer formed on said first barrier layer; 
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a layer of liner material formed on said buffer layer between said buffer layer 
and said contact plug; 

a dielectric layer between a first electrode and a second 
electrode; and 

a second barrier layer extending over said device. 

According to a second aspect of the present invention there is provided an 
FeRAM device comprising one or more of the above-defined devices. 

According to a third aspect of the present invention there is provided a 
method for forming a ferroelectric capacitor device comprising the steps of: 
forming a substrate; 

forming a first interlayer dielectric layer on said substrate; 
forming one or more contact plugs through said substrate; 
forming a spacer layer on said first interlayer dielectric layer; 
forming a first barrier layer on said spacer layer; 
forming a buffer layer formed on said first barrier layer; 
depositing a layer of liner material on said buffer layer between said 
buffer layer and sard one or more contact plugs to form a first electrode; 
forming a dielectric layer on said first electrode; 
forming a second electrode on said dielectric layer; and 
forming a second barrier layer extending over said device. 

According to a fourth aspect of the present invention there is provided a 
ferroelectric capacitor device formed according to the above-defined method. 

According to a fifth aspect of the present invention there is provided an 
FeRAM device formed according to the above-defined method. 
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Brief Description of the Drawings 

Preferred features of the invention will now be described, for the sake of 
illustration only, with reference to the following Figures in which: 

Figure 1 is a schematic cross-section through a prior art ferroelectric 
capacitor; 

Figure 2 is a schematic cross-section through a ferroelectric capacitor 
according to an embodiment in a first stage of production; 

Figure 3 is a schematic cross-section through a ferroelectric capacitor 
according to an embodiment in a second stage of production; 

Figure 4 is a schematic cross-section through a ferroelectric capacitor 
according to an embodiment in a third stage of production; and 

Figure 5 is a schematic cross-section through a ferroelectric capacitor 
according to an embodiment in a fourth stage of production. 

Detailed Description of Preferred Embodiments 

Figures 2 to 5 show the various processing stages of a device such as a 
ferroelectric capacitor, according to a preferred embodiment of the present 
invention. 

Figure 2 shows the first stage in the production process of a device 20. The 
device 20 comprises a substrate 21 onto the underside of which are diffused 
the active control circuits (not shown) for the device 20, such as transistors. 
On the upper surface of the substrate 21 , a first interiayer dielectric layer 24 is 
deposited and a chemical mechanical polishing process is applied to the 
interiayer dielectric layer 24. The interiayer dielectric layer 24 may be formed 
of, for example, boron-doped phosphosilicate glass (BPSG). 
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The contacts to the active control circuits are fabricated by etching apertures 
through the interlayer dielectric layer 24, as appropriate, and lining the 
apertures with a lining material such as iridium. The apertures are then filled 
with a metal, such as tungsten, to form contact plugs 26 connecting the active 
control circuits to the ferroelectric capacitor to be formed. 

A vertical spacer layer 28 of electrically insulating material, such as silicon 
dioxide or TEOS, is deposited on the surface of the first interlayer dielectric 
layer 24. An oxygen barrier layer 30 of material resistant to oxygen diffusion, 
for example silicon nitride, is then deposited over the vertical spacer layer 28 
to inhibit oxygen from penetrating into the substrate 21. A buffer layer 32 of, 
for example, silicon dioxide is applied over the oxygen barrier layer 30. 

Figure 3 shows the next stage in the production process which involves an 
RIE (reactive ion etch) to produce apertures extending through the vertical 
spacer layer 28, the oxygen barrier layer 30 and the buffer layer 32 into the 
top of the contact plugs 26 (only one of which is shown in Figures 3, 4 and 5). 
A liner 33 of, for example, iridium or iridium oxide is deposited over the etched 
surface and in the etched apertures down to the contact plugs 26. A layer of 
conducting material, for example tungsten, is deposited over the liner material 
33 thereby filling the apertures to form the bottom electrode 34. The liner 33 
acts as a glue layer to improve adhesion of the bottom electrode 34 to the 
buffer layer 32. If necessary, chemical mechanical polishing (CMP) may be 
performed and the layer of conducting material may be redeposited, 
However, the liner layer 33 should be kept on the surface of the buffer layer 
32 as a glue layer to maintain adhesion. 

Figure 4 shows the next stage in the production process. A ferroelectric layer 
36 of, for example, PZT is deposited on the surface of the bottom electrode 34 
then a top electrode 38 is deposited over the ferroelectric layer 36. A hard 
mask material (not shown) is deposited over the top electrode 38 and a 
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lithographic process is performed on the hard mask to shape the hard mask 
material. The hard mask is then etched through to the buffer layer 32 to 
define the capacitor. A further oxygen barrier layer 40 is deposited over the 
entire structure. 

Figure 5 shows the next stage in the production process. The device is 
subjected to an oxygen annealing process for capacitor recovery. Some 

oxygen may penetrate the further oxygen barrier 40 through faults therein and 
some of the liner material 33 could be partially oxidised as denoted by 
reference numeral 42 in Figure 5- However, the vertical spacer layer 28 
should prevent the oxidation from reaching the interface between the liner 33 
and the contact plugs 26 as this interface is located beneath the oxygen 
barrier layer 30. Thus, this interface will not be reached by the small amounts 
of oxygen diffusing through weak spots in the further oxygen barrier layer 40 
around the capacitor. As a result, the electrical contact is not damaged. 

The systems and methods according to the present invention may be 
particularly useful in the production of devices for use, for example, as 
ferroelectric random access memories. 

Various modifications to the embodiments of the present invention described 
above may be made. For example, other materials and method steps can be 
added or substituted for those above. Thus, although the invention has been 
described above using particular embodiments, many variations are possible 
within the scope of the claims, as will be clear to the skilled reader, without 
departing from the spirit and scope of the invention. 



